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Holocene 


high latitodes was progressive, the boundary between 
&e Holoccnc E^och and the older Pleistocene Epoch 
has been set variously around a generally accqpted 
value of 10»000 years. In its reference to this latest 
interval of geologic time, Holocene is essentially syn- 
onymous with Recent and Postglacial. • 

The tectn is allied most commonly to sediments. 
Holocene strata represent virtually every environment 
of dqjositiofl, as they inctudo all the sediments that 
are being deposited at present. Modem literature em- 
ploys the term quite broadly as a time indicator for 
many other geological phenomena, such as uplift, 
ocean circulation, and volcanism. This usage follows 
tbe spirit of uniformitatianism in its analysis of mod- 
em geologic phenomena and dieir products in oider 
to provide comparative standards for tbe interpretation 
of ancient features for which the formative processes 
are not observable. 

Although Holocene time falls well within the range 
of "C dating, it lacks an accepted value for its dura- 
tion owing to the uncertainty of its inception. The 
term Pos^;iacial is applied by pollen stratigrapfaers in 
nor&em Europe to the sediments containing pollen 
zones IV-4X, approximately the last 10,000 years ac- 
cording to ^^C datiog. See Pi^istocenb; Postglacial 

1/BCETJCnOVANDCUmTE. 

Roscoe (j. Jackson, If 


Holocephall 

One of two Recent subclasses of the cartilaginous 
fishes, or Chondrichthyes. The Holocephali, or chi- 
maeras, differ &om the other subclass, the Blasmo- 



Daepwater chlmaem {Hydrotagus afflnlsU tengtli to 3 ft 
(0.ft m). {Aftor G. B. Goocfo and T. R Bean, Ocaan/c 
Ichthyotogy, UJS, NaL Mua. Spec, Bull 2. 1895) 


branchii, or shades and rays, in having onlyfij 
of gill arches and gills that open to the < 
a single pair of apertures; in the acctUe c _ 
spine (see iBus.); in the naked ^kin in adolt^^ 
the absence of a cloaca and of ribs. Males ar 
equipped with a frontal claspeT on the head. ' 
are consolidated into six pairs of plates and t 
jaw is immovably fused with the brain case; \ 
aptations function in grinding moUusks, 
food. Chimaeras date from the eariy Mesozoic.-! 
are classified into a single order, the Chin 
1 family, the Chimaeridae, 4 or 5 genera, i 
24 species. All chimaeras are marine, most ] 
deep water. TTiey are of little economic i 
See CHommcHTHyBS . 

Hmsii, 

Bibliography . J. Tee- Van ei al. (eds.), Fishes t 
Western North Atlantic^ Sears Found. Mar. 
Mem. 1, pt. 2, 1954. 


Holography 

A technique for recording, and later reconstrac 
the amplitude and phase dislribotions of a 
wave disturbance. Invented by Deonis Gabor in 19 
the process was originally envisioned as a 
method for improving the resoMon of electnm i 
croscopes. While this original application has 
imjved feasible, (he technique is widely used 
noethod for optical image fonnation, and in 
has been successfully used with acoustical and i 
waves. This article discusses holography with ( 
magnetic waves in the optical and microwave i 
of the electronaagnetic spectrum, and its potential nse-!| 
with x-rays. For, holography with sound waves see ] 

AcOVSnCAL HOLOGRAPHY, 

Optical Holoqrashy 

Optical holography makes use of a highly coherttii 
beam of light, such as supplied by a laser source. See- 
Laser, 

Fundamentals of the teehnlqae. The technique is 
accomplished by recording the pattern of interference 
between the unknown object wave of interest and a 
known reference wave (Fig. 1). hi general, the object 
wave is generated by illuminating the (possibly three- 
dimensional) subject of concern with the coherent 
light beam. The waves reflected ftom the object strike 
a light-sensitive recording medimn, such as photo- 
graphic film or plate. Simultaneously a portion of t!w 
light is allowed to bypass the object, and is sent di- 
reedy to the recording plane, typically by means of a 
mdnor placed next to the object. Thus incident on the 
recording medium is the sum of the light from the 
object and a mutually coherent reference wave. 

While all light-sensitive reoording media respond 
only to light intensity (that is, power), nonetheless in 
the pattern of interference between reference and ob- 
ject waves tlicre is preserved a complete record of 
both the amplitode and the phase distributions of the 
object wave. Amplitude infomiation is preserved as a 
modulation of flie depth of the interference fringes, 
while phase infoxmation is preserved as variations of 
the position of the fringes. See ImERFEHENCE of waves. 

The photograp^c recording obtained is known as a 
hologram (meaning a total recorditig); this record 
generally bears no resemblance to the original object, 
but rather is a collection of many fine fringes which 
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of Gabor. The use of holography for optical micros- 
copy has been amply demonstrated, but toese tech- 
niques are not serious con^ietiiors with more conven- 
tional microscopes in ordinary microscopy. 

Nonetheless » there is one area in which holography 
offers a unique potential for optical microscopy. This 
area might be called high-resolution voIunK Imagery. 
In conventiona] microscopy, high transv€«se resolu- 
tion is achieved only at the price of a very limited 
depth of focus; that is, only a limited portion of the 
object volume can be brou^t into focus al one time. 
It is possible, of course, to explore a large volume in 
sequence by continuously refocusing to examine new 
regions of the object volume, but snch an qjproach is 
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appear in rather ineguiar patterns (Fig. 2). Nonethe- 
less, when this photographic transparency is ilhrnii- 
nated by coherent ligiit, one of the transmitted wave 
components is an exact duplication of the original ob- 
ject wave (Fig- 3), This wave component therefore 
appears to originate from the object (although the ob- 
ject has long since been removed) and accordingly 
I igenerates a virtual image of it, which appears to an 
|*«|bserver to exist in three-dimensional space behind 
I the ttansparency. the image is truly thrce-dimen- 
I ^ional in the sense that the observer's eyes must re- 
f focus to examirie foreground and background, and in- 
.&cd can "look behind" objects in the foreground 
^ sunply by moving the head laterally. ^ 
p ; Also generated are several other wave components, 
f. some of which are extraneous, but one of which fo- 
L cuses of its own accord to form a real image in space 
I between the observer and the transparency. This im- 
I age is generally of less utility than the virtual unage 
tbecause its parallax relations are q>posite to tiiose of 
|the (Higinal object. 

Applications* The holographic technique has a 
ter of unique properties whirii make it of great 
5 as a scientific tool. Although the field Is young, 
t new applications are continually emergirig, ccr- 
1 important areas can be identified. 
'r. Mlmscopy, Historically, microscopy is the poten- 
*"* ^plication of holography that has motivated 
""i of the early work, including the original work 
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image from a hotogram. 


often unsatisfactory, particularly if the object is a dy- 
namic one, continuously in motion. A sohithm to tiiis 
problem is to record a hologram of the object by us- 
ing a pulsed laser. The dynamic object is then * 'fro- 
zen*' in time, but the recording contains all informa- 
tion necessary to explore the full object volume with 
an auxiliary optical system. Sequential observation is 
acceptable because the object (that is, the holographic 
image) is no longer dynanuc. This approai* has been 
fruitfully applied to the microscopy of thrce-dunen- 
sional volumes of living biological Specimens and to 
the measurement of particle-size distributions in aero- 
sols. 

tnierfermeiry. Holography has been demonstrated 
to offer the capability of several unique IdtMis of in- 
terferometry. Tliis capability is a consequence of the 
fact that holographic images are coherent; that is, they 
have well-defined ampUtude and phase distributions. 
Any use of holography to adiieve the supaposition 
of two coherent images will result in a potential 
method of interferometry. 

The most powerful holographic interferometry 
techniques are based on the following prc^erty: When 
a photographic emulsion is multiply exposed to form 
several superimposed holograms, upon reconstruction 
the several conesponding virtual images are formed 
simultaneously and therefore interfere. Likewise the 
various real images interfere. 

The most dramatic demonstrations of this type of 
interferometry were performed by R. E. Brooks, 
L. O. Heflinger, and R. P. Wucikcr, using a pulsed 
ruby laser. Two laser pulses were used to leooid two 
separate holograins on die same transparency. Any 
changes of the object between pulses resulted in well- 
defined fringes of the interference in the reconstnicted 
iniage (Fig. 4). The techruqae is particulariy well 
suited for performing interferometry thixMigh imper- 
fect optical elements (for example, windows of poor 
quality), thus making possible certain kinds of inter- 
ferometry thai could not be achieved by any classical 
means. SEBlNTERFSRomrRY, 


teceived from < >a l 7/7/03 2:59:09 PM [Eastern Daytight Time] 


JUL. 7.2003 3:10PM 

4B2 Holography 


Fig. 4w Image taken by the techitlque of hotogrephic . 
Utterferometry, showing the oompresslonal waves 
generated by a hlgh-epeed rifle bullet (Courtesy of R £ 
Brook^t I* O, HefTing&r, antf ff . F. Wuerkw) 


MMltOfiBSm optical memories for storing large vol- 
umes of binary data in the fionn of holograms have 
been intensively stodied. Such a memory consists of 
an array of small holograms, each capable of recon- 
structing a different **page" of binary data. When 
one of these holograms is nimninated by coherent 
light, it generates a real image consisting of aii array 
of bright or dark spots, each spot represenBng a 1>i- 
nary digit. This image falls on a detector anay, wi^ 
one detector element for each binary digit. Thus to 
read a single binary digit at a specific location in the 
memory, a beam deflector causes light to illiuninate 
the appropriate hologram page, and the du^t of the 
pnDper detector element is intetropted to determine 
whether a bright spot of light exists at that particular 
location in the image. 

In spite of several idcntifi^le advantages of holo- 
graphic memories over other methods of opdcal stor- 
age, the holographic technique is not regarded as a 
viable commercial alternative to bit-by-hit optical 
storage in ablative media, as practiced, for example, 
with digital audio disks. See Computer storage tech- 
nqlogy; Disk recording. 

Dfspfay, Tliere has been interest in the use of ho- 
lography for purposes of display of three^diniensional 
images. Applications have been found in the field of 
advertising, and there is increased use of h«rfography 
as a medium for artistic oT^iressitm. A significant 
technical development in this area has been the per- 
fection of a type of recording known as a multiplex 
hologram. Such a recording typically consists of a 
large number of separate holograms, all in the form 
of thin, contiguous, vertical strips on a single piece 
of fihn. Each of these holognuns produces a virtual 
image of a different ordinaiy photograph of the sub- 
ject of interest. In nam, each such photograph was 
originally taken from a slighlty different angle. Thus 
when the observer examines the. virtual image pro- 
duced by die entire set of holograms, each eye looks 
through a different hologram ai>d sees dbe sobject 
firom a different angle. The resulting stereo effect pro- 
duces a nearly perfect illusion of three-dimensional- 
ity. Furthermore, as an observer moves the head hor- 
izontally, or as the collection of holograms is rotated, 
the observer's two eyes continuously see a changing 
pair of images. If the (mgisal set of photographs is 
properly dio^n, the image can be made to move or 
dance about in neady any desired fashion. Very dra- 
matic three^mensional di^lays of animated subjects 
can thus be canstiucfed from a series of ordinary pho- 
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togr^hs. Such displays do not require a fesen 
mg, but rather can be utilized with whit&fij^ 

HalogiBpMc optica! efamenia, A hologran 
of the interference of a plane reference wa^ 
diverging spherical wave, upon illuininaioa ff, 
construction plane wave, will generate a 
^CTical wave (the virtual image) and a cmIu, 
spherical wave (the real image), each travdui 
different angular direction- Thus such aholo^n 
haves as an optical focusing element, with prdL 
snnilar to those of a lens (or, more accurately^ 
of lenses). More complex holograms cm ger'^ 
multitude of foci, in virtually any pattern desh 
tcmatively, by varying the periodicity of the 
like strucnne of die hologram, a small laser be^ 
be deflected through an angle that is oontrolledl 
local period of the structure. Holograms wMci 
used to control transmitted light beams, rather tl^ 
display images, are called holographic opticall 
ments. Interest in such elenoents has gn>wn subf 
dally, and commercial applications have been fol 
Most notable is the use of holograms in i 
scanners at check-out stands. Light from a I 
ueoh laser falls on a small region of a holog 
optica] element, which was recorded on a disk < 
rotating continuously. As the hologram rotates^ )S 
ferent portions of the hologram contannng (fiffeT 
gratmg periods are illuminated, and tl» angle < 
flection of the laser beam sweeps throogh a ] 
that was predetermined when the hologram was i 
corded. In this way the laser beam is caused to follj 
a complicated scan pattern, which uldmately i 
the reading of information from the bar-code patteiiS 
recorded on each product. Sss CoARAcmt RscoGmtoN^ 
Geometrical OPTICS ; OmcALihi AGE. 

Oilier dppUcaiioas, A variety of other applications t 
holography has been proposed and demonstrated, inJ^ 
eluding the analysis of modes of vibration of comptt-*^ 
cated objects, measurement of strain of objects uildet^ 
stress, generation of very precise depflj contows oa| 
three-dimensional objects, and high-resolution hnag-.,^^ 
cry through aberrating media. These and other spp^-H 
cations of holography will be useful in future sdea- 
tific and engineering problems. Joseph W. Goodnm 

Mkrowave Holobraphy 

Microwave holography is microwave imaging by 
means of coherent continoous-wave cfectromagnetic . 
radiation in the wavelength range from 1 mm to 1 m. 
As a long-wavelength imaging modality, it differs 
ftom techniques which employ echo timing (far ex- 
ample, conventional radar) by its requirement for 
phase information. In dus respect it resembles optical 
hologrq^y, from which it has departed signiflcantiy. 
The technique usually involves small-scale systems, 
that is, systems in which the effective <bta acquisition 
ap&Ttjaic is of the order of lens or hundreds of wanro- 
lengths. Microwave holographic imaging is character^ 
izcd by high lateral-resolnticHi capability in compan- 
son with images obtained from echo timing. The 
natural image format of the data it presents to the hu- 
man observer enhances its diagnostic potential. In 
particular, it conveniently produces phase imagery 
which increases further its diagnostic capability. Seb 
Microwave; Radar, 

Microwave holographic imaging originated froai 
the two-stage optical process consisting of data re- 
cording in the form of an interferogram, and image 
reconstitution (from a transparency reduced in size 
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Applicattonsi oi microwave holographic imaging, ia) 82-fr-di/:imeter (25-m) parat>okiictal reflector 
antenna structure used in salellita conr^municalions. (jt))Conw;ntiona( im^geof fcheanterma obtained by 
using a false-color display io quantify the amplitude distfibutian owst the reflector of microwave 
radiation froiTi a ground-based source, (c) Phase image or the antenna, showing deviations from an ideal 
paratx>loid. (d) Microwave image of two subsurface pipes in the form of a cross, one metal and one 
plastic, (e) Test object made from a microwDvcvf^netrable material and (ft measurement obtained from 
its microwave hokigraphic phasfi torn oigr am Of slice. 
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because of ihe larger wavelength) by optical diffrac- 
tion. The fintt tnicrowavc (and acoustic) hologi^anis 
were recorded in 195 J before the availability of la- 
sers. The first publicized demonstraticm of small-scaie 
DiiciDwave imaging occurred in 1963 (Fig. 5). Ilie 
oliject was a metal Icaer A with a heigbt of approxi- 
mately 7 ft (2 m). that is, 70 wavelengths, illuminated 
by X-band microwave radiation with a wavelength of 
approximately 30 mm. Tlie hologram (approximately 
10 X to ft or 3 X 3 in) was uiapped by mcording 
the field intensity and converting it to a small trans- 
parency for image congtructiou by laser light. Subse- 
qucDtty the methods of data recording and the rc- 
placenient of the optical diffraction piocess by digital 
computation ti-an^jfomied niicrowave holography into 
a diagnostic imaging technique in its own right. 

Date recording. The replacoinent of the optical dif- 
fraction process by computer pmcessing using a fast 
Fourier transfcntn algorithm has important implica- 
uons for die data-recording stage. Instead of obtaining 
The nucrowave intttfeiogram analogously to the opti- 
cal process, the microwave field scattered bv the ob- 
ject is recorded directly in amplitude and phase by 
u.sing a microwave receiver which compares tiie mea- 
sured field at any point in space with a reference 
value- F^r the forward-scatter case (Fig. 6ct), the ob- 
ject (which may be semitransparent to nucrowaves) is 
ilhuniaaied from a microwave source and transnutting 
: antenna 7^. A receiving antenna scans through known 
• coordinates in the surface S and feeds the field values 
: 8t each point to the receiver. Since a portion of the 
ijsource energj- is fed directly to the receiver by a sep- 
iarate reference channel (eitlier a free space patli or a 
= waveguide), the receiver can generate the complex 
*;field values (phase and amplitude) at each point. An 
^alternative recording geometry, the bacfcscatier mode 
i(Fig. 6b) is the usual configuration for i^adar systems. 
i?he transmitting and receiving antenuaii arc either the 
isame antenna or two antennae; close together, as 
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(b) V • 


reconstroct9d Image u«lng laaer light 

rriw^IZ:? at the X band {wavelength of 
JJ^^Uy 30 mm), {from R. P. Oootey, X-band 


shown. The antennas scan as a unit over the desired 
surface and the complex field values are recorded. 
Becau.se die illuminatiori from the transmitting an- 
tenna also scans tlie object in this case, Ihe resolution 
of the system is doubled in comparison with the for- 
ward-.8catter case. 

Computer processing. The sampled field values re- 
ceded over tlie surface S may be expressed as an 
array of complex numbers and arc thci-efore suitable 
for computer pnxessing. Tlie computer algorithm is 
designed to reconstitute an image from the particular 
scan geometry used. The process can be thought of as 
effectively mvening the propagaUon pixicess that 
l^rought the scattered waves to the surface S. The in- 
version p^T)ceas usually incorporates a version of die 
last Fourier transform algoridim to convert die data 
recorded on S (not strictly a hologram) into tiie recon- 
structed object- The computer transfers its output to u 
memory and then a television monitor display. The 
in-iportani advantages of this digital mjcn>wave holo- 
graphic process are (I) the availability of numerical 
field values with high accuracy and low noise; (2) the 
separate operatioas on the phase an<I amplitude val- 
ues, and the separate display of diese values; (3) the 
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Rg. 7. Comparison of (a) 
digitally raconstructed mi- 
crowava Image of dbftcX 
20 wavelengths long at 
tho Q band (waveiangth of 
9 mm), showing refleo- 
llohs from aurroundings, 
wHh (^) optical photo- 
graph Of 0b}ecL 
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possibility of coiuputer-observer interaction at any 
stage of the processing; and (4) tlie options of mon- 
ochrome or false color display format. See Harmonic 

ANAUZBR. 

Imaging applications. The efficacy of microwave 
holography as an imaging modality independent of 
optical holography is evidenced by a comparison of 
the microwave image of an object (Fig. la) widi the 
optical irfaotograph (Kg. lb). The object is only 20 
wavelengths long at the microwave frequency, and 
yet considerable resolution of detail is observed. 
However, the role of microwave holography is not to 
mimic optical holography. Until 1979, perhaps the 
most useful diagnostic plication of microwave hol- 
ograi^c imaging was the nsetrology of large reflector 
antennas* The data acquisition procedure is a variant 
of that in Fig. 6a since the object itself is scanned in 
both azimuth and elevation to synthesize the holo- 
graphic aperture. In diis arrangement (Fig. 8a), the 
test antenna itself feeds the complex iield values to 
the microwave receiver, and so functions simulta- 
neously as the receiving antenna and the object. Tlie 
transmittlDg aiueima is located either on the ground, 
in the near field of the test antenna, or on board a 
synchronous satellite. The image, that is, the conven- 
tional notion of an image (Fig. 8^), is obtained by 
quantifying the amplitude dlsttibution over the reflec- 
tor, and also shows the support legs and the focal 
region 'iaboratwy." More inqwrtant is the phase nn- 
age (Fig. 8c), which correspotjds to the errors in the 
reflector profile, that is, deviations &om the ideal par- 
aboloidal shape. Other in^x>rtant diagnostic informa- 
tion can be derived, for example, the astigmatism due 
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to gravitational distortion which is apparent 

Microwave holography is also useful in 
tions where images of concealed structure: 
quired. Microwave radiation penetrates a ' 
dielectric media to a depth depending on the 
tion of a given wavelength in a particular 
One such appbcation is the mapping of i 
pipes and cables. A scanning arrangemem fb 
purjxjse (Fig. 9a) uses the backscatter mode 
6£r. The detection of the backscatter from the 
pipes, which is very weak after suffering atte 
in the soil, is assisted by the polarization ( 
don of the receiving anteima. The data & 
and computer processing follow the normal [ 
with compensation for microwave propagatira ' 
soil. The image in Fig. 9b shows two pipes ' 
fiarm of a cross, one of them a metal pqie i 
other a plastic pipe. Hence this noninvasive : 
wave technique has a diagnostic power greater 
the normal metal detectors. Sbs NomBSTttucnvB 

Microwave tomography. The major Umitatio 
the microwave holographic techniques dis- 


elevation ^ 
scan 



test antenna 


transmitting r^^ 
antenna 


0 


nnicrowave:> 
source 


reference 
antenna 



Fig. 8. Applications of microwave hologrephlo Imaging to 
metvology of an az-ft-dlameter (25-fn) parabololdal 
reflector antenna structure used In satellite 
communlCBtlons. (s) Scan geometry used for data 
reoofding. (b) Amplitude Image showing aperture 
Illumination distribution, (o) Phase Image showing 
deviations from Ihs Ideal parat>olokl. 
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Rql 9. Subsurface Imaging, (a) Scan system, (b) 
^ Hicrawava ampUtude Image, at wavelai^ of (ue m (2 n), 

of two crossed pipes urtiose posRIona are Indicated by 
;: SO»dane& npe 1 Is pissttc; pipe 2 ismetat. Reldof view 
r*87x 7fl(2 X 2m>. 


F above is that the images produced are essentially two- 
L dimensional. ITiis may seem surprisiiig, gjven the fact 
I that optical holography is a th]:^*dimeiisioiial image 
[.construction process. The reason is that the micro- 
Iwaye wavelength is so long (10*-10** limes that of 
iHght) that the depth of focus of the microwave hoio- 
~Tni is prohibitive. This disadvantage is overcome by 
ploying a tomographic mode of imaging which ex- 
ploits the ability of microwaves to penetrate many 
Merials and thereby characterize their three-dimeo- 
sicma] structure more accurately. This development is 
foalogous to the technique of computer-aided tomog- 
raphy used in x-ray scanning systems. Microwave 
Tplographic tomography requires holograms to be re- 
'"'ded from different views of the object and synthe- 
Again, the availability of phase imagery in- 
a its diagnostic potential. Sek Compvtsrized 
*fOGRAPfiY, Alan P. Anderson 


X-Ray HoioanAPHY 

! Physicists and life scientists have been engaged in 
""^^ tilat will ultimately allow &ree-dimensional 
ng of living organisms with resolution and con- 


trast far beyond the reach of optical microscopes. The 
impetus for this activity is tiie imminent availability 
of high-intensity coherent sources of electromagnetic 
radiation with wavelengths between 0.1 and 10 na- 
Donaeters. Much of the study is concentrated on hol- 
ographic imaging because it can eliminate the need 
for focusing elements which are difficult to fabricate 
with enough precision to achieve diffraction-limited 
resolution in thz soft x-ray regime. Furthermore, sev- 
eral of these new sources promise extremely high in- 
tensity and subnanosecond poises, and can circum- 
vent the problem of killing and altering the specimen 
with the x-ray exposure by extracting an image from 
the speciiTkeu before it is oblherated. See X-hay optics; 

X-RAYS, 

X-ray sources. To be suitable for holography, the 
x-radiation must be monochromatic and have a rela- 
tively high degree of coherence. Synchrotrons using 
magnetic undulators can generate a narrow band of 
intense radiation. Use of monochrometers and pinhole 
apertures can improve the coherence of this radiation 
at the sacrifice of intensity but with retention of suf- 
ficient intensity to image biological specimens on 
time scales from a few seconds to a few hours. See 
Synchrotron radiation. 

There are several promising sources. Nonlinear op- 
tical frequency multiplication techniques produce in- 
tense picosecond pulses of tunable coherent radiation, 
and have reached wavelengths as short as 40 nm. 
Similarly, multipboton excitation can punip atoms to 
higher energy levels that have lasing transitions at 
wavelengths much shorter than the excitor laser. X- 
ray lasers driven by nuclear explosives and by more 
conventional laboratory sources are under develop- 
ment. X-ray and gamma-ray lasers will be inherently 
short-pulse, high-intensity devices because they will 
probably not have resonant cavities, so the radiation 
being amplified can make ooily a single passage 
dirough the active medium; and the creation and 
maintenance of a high density of excited atomic states 
of short lifetime and high quantum energy require 
enormous power, which terrestrial sources can supply 
only in the form of pulses. See NofiUNBAR optics. 

Geometries. Essential features of the principal 
geometties for holography are shown ui F^. 10. The 
Eresnel transform techniques use planar reference 
waves and have resolution limited by the grain size of 
the recording medium. The on-axis (Gabor) form is 
inherently simple but suffers from overlap of the teal 
and virtual images. The off-«xis (Leith-Upatoiefcs) 
modification reduces the image overlap problem but 
requires a mirror and a broadened beam for system 
illunaination; both forms may be difficult at x-ray 
wavelengths. The Fourier transform (Stroke) geome- 
tries, using curved wavefronls, achieve large fringe 
spacings and are therefore ]sss sensitive to grain 
size. 

Cc^erence is characterized by the effective finite 
length of a i^oton wave train in the transv^e direc- 
tion (spatial). Both coherence length and geometry 
limit the holographable volume of a specimen. For 
most specimens of biological interest, spatial and 
temporal coherence lengths of 10 micrometers to 1 
lun are adequate. 

lateraclions of X-radiatf on. The interaction of x-ra- 
diation with matter is quite different from the inter- 
action of visible light with matter. Whereas the ex- 
tinction of a visible beam traversing matter is mainly 
due to scattering, the extinction of an x-ray beam is 
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Rg. 10. Geometric configurations of x-ray hologr^lc techniques. (<) On^s Frosnel trenform (Gabor hatogrophy), ^ 
Off-flxl8 Fresnel trantform (Letth-UpatnTeks holognphy). (c) Planar Fourier transform (Stroke holoip^aphyl. 
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mainly dxie to absoiption. X-rays can also scat- 
tered^ but usually die cross sectioo for cohonit scat- 
tering is very much smaller than for absoiptixm In due 
visible regime, holographic images are pimarily 
formed by refraction or teflectiDn, whereas k the x- 
lay legixne they are dominated by diffractiBi. The 
greatest contrast in x-ray absorption betweee water, 
which composes most of flie cytoplasm, and protein 
(or the nucleic acids) occurs between the K edges of 
oxygen and nitrogen. 

Snapshot x-ray bolography. Existing x-iay sourc- 
es, in particular, synchrotron radiation sourors, have 
been used to make holograms. However, they require 
Long exposures, limiting their usefulness foriesearch 
on living specimens. Mote coherent sources my also 
be developed, but those of low intensity wiU be sim- 
ilarly limited, since ionization will have decomposed 
molecules, modified con^sitions, and altened bio- 
logical functions before enough radiaticHi ess be re- 
ceived to form a useful hologram. Snapshots are es- 
sential for x-ray holography of living specimens. 
Fortunately, it is likely that x-ray sources producing 
brief intense bursts will be developed. 

With an intense pulsed coherent source (swh as an 
x-ray laser), hydrodynanric expansion, iniiated by 
sudden beating, rather than normal biological activity, 
chemical change, or themial agitation, will Emit the 
time during which recording of the hologram must be 
accomplished. Analytical ejqniessions for the explo- 
sion of a semiopaque feature (such as a protein glob- 
ule) are useful for estimating the radiation require- 
ments for typical cases. They are based on the 
criterion that, to achieve a linear resolution 8, a spec- 
ified minimum number of jAotons must have been co- 
herently scattered in a v<^ume 8^ and that, daring the 
exposure time A/, no dimension of the spedmen 
should have increased by more dian 8. Rm* moat 
biological specimens, intensities on the order of 
10^^ W • cm"^ with pulse lengths on the order of 
10~" s will be required to obtain an x-ray hologram 
with resolution of 10 nm. 

Recording. An x-ray hologram can be registered 
by radiation-induced prompt or latent cfaemica] 
change, or by photoelectron emission. Photographic 
emulsion is unsatisfactory for Frcsnel transform x-ray 
holography because the resolution is limited by grain 
size. If an electron microscope could be used to image 
the points of electron emission from a photocathode 
reference surface, time-gated holography might be 
possible. However, the continuous distributions in en- 
ergy and in angles of emission of electrons from a 
photocadiode prechide the formation Of sharp elec- 
tron-optical images, imposing a trade-off between 


quantum efficiency and resolution, imless : 
blurring analysis can be applied. Phatoresists (n 
rials that lose resistance to chemical etching at j 
exposed to radiation) have grain sizes &at f 
nm, which is entirely adequate for x-ray holog 
widi resolutiOTs of 10 nm. To raconafiruct a ph 
sist hologram, a transmission electron mic 
could be foimed and viewed with visible laser 1 
mination, or a transmission electron nucroscope ( 
be used to scan and digitize the photoresist for i 
ysis by cffljqiutation, which can also mitigate i 
earities tiiat may be troublesome in optical i 
tion. See Electkoi^ wcroscopb; PH<nvEmswN; Parv J 

TOCKAFHIC MATERiACS . 

By using Fourier transform x-ray holography, it B ^ 
possible to arbitrarily adjust (he &inge spacing at ^ ] 
sacrifice of intensity and thereby recoid with oonuDon : 
photographic emulsions. However, when company 
with photoresists on the basis of nnsiber of quanta' 
requircd to produce a developable speck, it is not 
clear that the greater sensitivity of photographic cmni- 
sions o^ers any advantage, and consequently there is 
no clear advantage of Fourier ov^ Fiesnel methods. . 

Practical considerations. The realnation of x-iay 
holography as a practical research tool still awaits fte 
solution of some chall^ging technical problems: 

1. Devdopment oi sources that can generate in- 
tense coherent radiatiiMi at the precise wavelengths to 
optimize contrast among specimen amstituents. Per- 
haps nonlinear mixing with tunable visible radiaJkm 
will be necessary. 

2. Termination of exposure with5» a sufficieatly 
brief time interval and with sofficient intensity to 
achieve the desired resolution, as cfiscussed above. 
Frequency multiplication techniques nd multipbrtnn 
excitation lasers can achieve these short pulses be^ 
cause die optical laser driving them can be mode- 
locked. Corresponding schemes are difficult to envis- 
age for x-ray or gamma-ray lasers, and Uieir poise 
lengths are likely to be ranch longer. A shutter or 
gate, somewhere in the system, that operates wbsn 
fhU nitertaity is reached will be essemial. See Optical 

PULSES. 

3. In prindple, photoelectric recofding could be 
time-gated. However, con^lexity and precision re- 
quired oi the electronics, and blurring associated with 
initial electron velodty distribution make this ap- 
proach unattractive. On the other hand, e^osure con- 
trol, in photoresist recording is not likely to be roan- 
aged by a gate; therefore exposure control must be 
provided elsewhere in the system. 

4. Leith-Upatnieks holography may be neces»ry 
to avoid image overlap obscuration, and this requires 
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an x-ray mirror. A synthetic Bragg crystal may suf- 
fice, and theimal expansion, if sufficiently umfonn, 
can provide automatically time-gated reflection. 

Jottndale C. Solem 
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Holostei 

One of three organizational levels (infraclasses) of the 
subclass Actinopterygii, or rayfin fishes. The bolos* 
leans are descended from the older dondrostei and 
in turn are ancestral to the great mass of modem bony 
flshes, the Teleostei. It is not certain whether holes- 
leans evolved from a single stock or multiple stocks 
of the Chondrostei. See CBONDaosTm; Teleostbi, 

Phyiogeoy. Holostcans made their first appearance 
in the Upper Permian as the order Semionotiforaies; 
three additional ordccs arose in the Triassic P^od, 
and the fifth and last order, the Aspidoihynchiformes, 
evolved in the Middle Jurassic. In the Jurassic and 
Lower Cretaceous, holostcans dominated actinc^ter- 
ygian fish life, but by the Late Cretaceous they had 
been largely replaced by teleosts. The specialized 
Pycnodontifonnes persisted until the Eocene, but the 
' spindle-shaped, predacious AspidorfiynchifOTmes and 
. the Pholidophorifoimes, which are likely ancestora of 
the Teleostei, died out in the Cretaceous, Fragmen- 
tary remnants of two large orders persist to the pi^ 
eat time as survivors of the Mesozoic: Semionoti- 
fomies, as the North American and Middle American 
gars (family Lepisosteidae), and Amiiformes. as a 
single species, the bowfin (family Amiidae) of eastern 
North America. Understandably, both groups have 
: been intensively studied by biologists in search of 
Chles to the life of the pasL 

; Morphology. Holosleans, although highly varied in 
j |>ody form, were structurally as well as temporally 
I intemiediate between chondrosteans and teleosts, to 
E*bich group they passed on substantial advaiKcs. 
I Mouthparts were improved by horizontal suspension 
I of Oie hyomandibular Siom the skull, a more forward 
I positioning of the angle of the gape, and the devel- 
I ^P^^^t of a strong coronoid process on the mandible. 
| "ie thaxilla was freed posteriorly, and the entire 
I feeding mechanism became more mobile and was 
IJ'ipngtbened. thus pennitting diversification in food 
r^oits, though most holostcans were predacious. The 
l^al fin is typically abbreviate heterocercal, with 
posterior vertebrae upturned but not forming a 
« upper lobe. Typically die anterior upturned cen- 
1 each support a single, slender hypural. Dorsal and 
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anal fin rays are strengthened and reduced in mmber 
to approximate serial equivalence with the istenial 
supports. In early forms scales are often thick and 
rhomboidal, as in chondrosteans, but in certain ad- 
vanced types are thin and rounded; they retain an 
enaroellike outer layer (ganoine) that is lost in all but 
the earliest teleosts. In living bolosteans the swim 
bladder is highly vascularized, and auxiliary aerial 
respkation is possible, a sometimes essential feculty 
in oxygen-poor waters of swamps. See AcTmarrERY' 
cii; Amupormbs; AsptooRHYNCHiFORMBs; Phoud<»hori- 

PORMES; PYCiiODONTrFORMBS; SEMtONOHPORMBS. 

Reeve Af. Bailey 


Holothuroidea 

A class of Echinozoa characterized by a cylioifical 
body and smooth leatheiy skin, and known s sea 
cucumbers. There are no airas, but a ring of five or 
more tentacles may surround die mouth, wladi is 
usually at one end of the body. There are no pedicel- 
lariac. Tube feet may be present or lacking. Thae are 
no ambulacral gprooves, althou^ they are represented 
by internal epineural canals overlying the ladial 
nerves. E. Deichmann (1957) legaids them s the 
most aberrant group of extant echinodcrms. SesEchJ' 

N020A. 

Holothurians resemble worms because the penta- 
merous synametry is largely concealed by a secondary 
bilateral symmetry, and the general absence of exter- 
nal spines distinguishes them from the other catant 
echinodenns. They tend to rest on one side, so that 
&e axis of radial symmetry becomes horizontal. This 
habit leads to the differentiation of an upper (dowal) 
surface and a lower (ventral) one. The dorsal side 
corresponds to the intcrradius which contains the 
madreporite, and therefore the vennral side is oae of 
the radii. Each radius runs firom the anterior to the 
posterior end. If tube feet are developed, their <Sspo- 
sition indicates the radii (Fig. 1). 

The 1100 living species have been grouped in 170 
genera arranged in six orders: die Dendrochirotida, 
Dactylochirotida, Aspidochirotida, Elasipodida. Mol- 
padida, and Apodida. Species range in size from 1.2- 



Rg. 1. Cucumaria, a rspro- 
saniatfve holothurian. 
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